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RESISTANCE-TYPE WIRE STRAIN GAGHS USED AS ROSETTHS

By Horris ¥. Dow
SUMMARY

lHethods are given for making the necessary correc—
tione to the strains indicated by multiple—strand .
reslstance-type wire strain gages used singly or as ro—
settes to measure stralns at an angle to the principsl
strain. The results of tests to determine the valldity
of the methods of correction are reported.

A rosette arrangement having several advantages aver
the arrangements now commonly in use 1s describdbed.

INTRODUCT ION

The resistance—type wire strain gages are particu—
larly adaptable for use in strain rosettes because of
conpactness and facility of reading. When used as ro—
settes, thre8 of thg gages are generally arranged at
angles of 45 or 60  to sach other or, less frequently,

a fourth gage is added to the 45° arrangement. In any
arrangement, only one gage in the rosette measures the
straln at the gage length in guestion and the other gages
are mounted above or to the silde of that gage.

A strailn-rosette computing machine, deseribed in ref—
erence 1, has been developed for calculating principal
strains from the 1ndividual strain—gage readings of a
three—gage 60° rosette or a four—gage 465° rosette. This
machine cannot be conveniently used with a three—gage 45°
rogette. A rosatge arrangement that comblnes the features
of the 46° and 60° rosettes and is particularly adapted
for use with this machine is herein described.

It has been recognized that rosettes made up of
resistance—~type wire strain gages so wound that some of




the resistance wire is at an angle to the axls of the gage
are affected by the component of straln acting at that
angle. Strains having an angular component different from
the sngular component present in the callibratlon of the
gage will accordingly cause errors in strain indication
that are a function of the geometry of the grid of the re—
glstance wire. A method by Baldwin Southwark for correct—
ing these errors, by making a correction to each gage
reading, for the commercisl SR—4 type BR—1 rosette is given
in appendix A. '

Because the magnitude and direction of the prircipal
strains are usually of greater interest than indivicdusl
gage readings, a correctlon to be directly applled to the
indicated principal strains is generally more coanvenilent
than corrections to each straln indication., In the use of
a rosette conputing machine, some time might also be saved
by meklng corrections to the prlncipel stralns rather than
to the original gage readings., Hethods, adaptable to  any
wire strailn gage, for making these corrections are describded
in this report, together with the results of tests of SR—4
rosettes to determine the accuracy of the corrections.

T-DELTA ROSETTE

The strain rosette arrargements now in common use,
the threo— and four—gage 45° star rosettes and the three—
gage 60° delta rosettes, have advantages and disadvantages
peculiar to each arrangement. A rosette made up of gagzes
at 60° forming a delta, with a fourth gage in the center of
the delta perpendicular to one of the three other gages,
designated T—delta appears to offer a meximum of the ad-—
vantages of the usual arrangoments. These advantages are:

1, The twvo perpendicular arms may be mounted in the
expected directions of the principal strains, which mini-.
mizes the errors introduced by incorrect angular alinement
of the gages. )

2. The gage at the conter may be nmounted on the point
at which 1t is desired to measure the strain and along the
expected direction of principal strailn, and the othor three
gagos will fall approximately as far from that polnt as tho
three gages in the usual delta.

3. The principal strains may be computed from the ro— -
.8ette even 1f one of the gages fails during the test.



P L4

. 4, A check on the accuracy of measurement 1s provided
by the fourth.gage.-- . . ... .~ C e e

CORREOTION OF STRAINS INDIOCATED BY S INGLE

MULT IPLE-STRAND GAGE

The straln indlcatlons from a multiple—strand resist—
ance—type wire gage.at an angle 6 to the directlion of a
8lmple tenslle or compressive stress (when one of the
principal stresses is zero) may be corrected for the ef—
fect of the wldth of the gage as follows:

l. The gage factor @G, for the gage mounted in the
direction of a simple tenslle or compressive stress is de—
termined by

AR
G =-;§_; (1)
in which
R resistance of gage
AR change in resistance
8o strain along stress direction

2. A correctlion factor Q 18 calculated from the
equation

1 g 2(1 + u) cos 28 ] W}.
= 1l - oy 2
? 1—(1"'!-!-)%{ L(l—u)+(l-i-p.)608291' (2)

in which

® Poisson!s ratlo for material used
L total length of resistance wire in gage

W wvidth of grid of resistance wire



The derivation of equation (2) is given in appendix B.
3. The strain at the angle 08 may now be calculated
a8
AR

eb=-a3;e- . (3)

in which Gy = GoQ.

Values of @Gy for an 5R—4 type A—~1 gage for which
Gy = 2.09, L = 6.01 inches, and W = 0.16 inch are plotted
in figure 1. )

CALCULATION OF TRUE PRINCIPAL STRAINS FROM
INDIVIDUAL GAGE READINGS
As shown by E1ll in reference 2 and Sibert in refer—
ence 3, the true princingl strains may be calculated fron

the true stralns measured oan three or more intersecting
gage llines from the fornulas J

XY + 1) (4)

ex

oy = K(Y — 1) (5)

in wvhich ex and ey are the true principal strains. The

constants K and Y are determined from the arrangement
of ths rosette and stroin readinss. TFor a rosetto comnosed
of thgee gages nounted on gnge lines intersecting ot angles
of 45

X5 = 0.707v/ (9145 - g4é> <e945 - 034%> (6)
+ o .
— 1,5 345
a5 = o (7)
¥T4b
in which 1,. ©2,.» and eg are the true strains
' 45 45 15

along the gage lines. Throughout this report true strains



will -be .Aeslgnated e . -with appropriate subscripts.
Stralns indicated by wire gages will be designated e'.°
For a rosette composed of gages mounted at angles of 60

K‘Gﬁ) = 0-47]:/(8160 - 9260>a + (3160 - e360>a + (ezso_el”so)F (8)

+ + 8
®lgp © °2g¢ 360

Y60 (9)

For a rosette composed of a delta plus a fourth gage
at the center, that 1s, for a T—delta rosette,

a8 a
= - +3 -~ 10
Xsom 0'577~//<élsom °260£> (%Bsom °4so£> (10)

or

7

\ 8

8 d a a2
K¢op = 0. 408 o, NV oafe : ( - ( )
60T /(elsom *260r)/ T \*Lgor*3gor, *> [ 2601 e)'"60T> \O3gor®Mgor) 102

ey + ey
_ “lgom 60T
Ygop = (11)
2Kgom

in wiich e, 1s the center gage, perpendicular to e1.

The true principal streins may be calculated from the
strains indicated by multiple—strand resistance~type wire

gages by use of these same formulas 41f the following method
i1s used:

1., The true strain—sensitivity factor S for the
resistance wire in the gage 18 used for obtaining strain
readings. The true strain—sensitivity factor is equal to
the gage factor for a single—strand wire gage and may be
determined experimentally or calculated.as

5 = GoQys : ) (12)

in wvhich Q45 18 given by equation (2) for o = 485°,



2, The constants K'!' and TY! are calculated from
equations (6) to (11) by substituting e' for e through-
out. .

5. These constants are corrected as

= () (38)

Y. = 1! (E_§_§E> (14)
Then |

ey = K (¥ + 1) (15)

ey = Xp (Yp — 1) (1s)

CALCULATION OF TRUE PRINCIPAL STRAINS FROH

INDICATED PRINCIP.AL ST2AINS

The principal strains ex' and ey', calculated
directly from the strain indlcations of the multiple—
etrand wire rosettes as by a rosette computing machine,
nay also be corrected as follows:

1, The true strain—sensitivity factor S ie used
for calculating all gage readlngs.

2. The principsal strains are directly calculated
fron these readings.

3. A constant C! is determined as
. _ e1' 4+ eg’ o
Cus' = — for a 45° rosette (17)

e.' + e85! + eo!
Coo' = 1 §A S for a 60° rosette (18)

C ! = ——————=- for T—delta rosett
60T 5 a elta otte (19)
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or |
ex' + oy! '
c! = —E-—E_—Z_ for any rosette (20)
in which e5' and ey' are the indicated principal
strains. )

4, This constant C' is deducted from the major

principal straln e4!' calculated from the strailn indi-
cations,

5, The remainder is multiplied by the factor

(L L2i>, which gives K,. ThLen

ey = O' + Kp (21)

o' — X, - (32)

°y

-EITEHSION OF HILL'!'S SEMIGHAPHIOAL MBETHOD TO ANALYSIS

OF MULTIPLE—STRAND WIRE ROSETTES

Eill's semigraphical method may be readily extended
for use with multiple—strand gages. Many of the follow—
ing dteps are taken directly from reference 2.

1. The true strain—sensitivity factor for the wire
in the gage 1s determined. The true factor may be experi-
mentally determined or calculated by multiplying the gage
factor for the gage as normally calibrated by the value of
Q from equation (1) for 6 = 45°,

2. A master curve of the functlén f = cos 208 1is
constructed on transparent paper or cloth, in which f is
plotted against O for the region -—45°<0<135°. This
master curve may be used each time that the method is ap—
plled to a set of strain data.

3. The unilt strains e;!, e,', eg! indicated on the

three gages when the true strailn sensitivity 1s used, are



divided by an adjJustment fector K' +to be determined from
the appropriate equation (6), (8), or (10),

8 a8
K ! = 0.571// e '— e '\ + 3 (e ' — o ! 10
60T < lgor 2gor / ( 260t 40T ) ( ?

4, The adjusted straln readings are plotted as ordi-—
natee to tho same scale as usod for f—values on the mastor
curvo, The 0—values, that 1s, angles betwveen gage lines,
are the =~bscissns. The choice of origln for this graph
13 immaterlal; the relative positiona of the three gzegs
lines are important.

5. An auxiliary horizontal line representing the
avera~se of the adjusted straln values for goge lines 1 and
3 iprdrawn, Trhe ordinate Y'! for this line may be found
from equation (7?), (9), or (11), as

1 1
®lgom + ®4g0m

=1 K!

Y! = (11)

Y}

6. A new ndjustment factor i, 1s determined from

tho eguation
- L
= It <___.__}
tr L — 2W/ (13)

7. & secord auxiliary horizontal line is drawn, for
whichk the ordinate Y, from the origin of the plotted

strains 1s given by
Y, /2w) (-23)

8. Tkhe naster curve 1s nlaced over the graph, with
its horlizontal axis colncidlaz with the first euxiliary
line of the graph, and in such a position that the plotied
points fall on the master curve.

9. The abscissas of the maximum and the minimun points
¢f thoe master curve, reforred to the origin of the graph,
indicate the directions of the principal stralns and the

NOC aarr
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ordinates, referred to the second auxiliary line, indicate
the maziltude of "their adjisted values. In order-to -ob—
taln the true magnitude of the princlpal stralns, these
values must be multiplied by the adjustment factor Kpr.

10, The prinoclpal stresses may be found from the
prirclipial stralns by the formulas

E(ema.x + uemin) .
max T Ty _ e ' (24)
EQmin + l"'enua:x)
) 25
min 1 — p? (25)

in which E = Young's modulus.

11, The directions of the principal stresses many be
found from the graph or may be calculated fron

(?os 26 ) - 80T 60T (26)

/) 607 2K o1

l12. The maximum shear stress Tpaxy, actlng at 45° to
the principal stresses, may be found from

-4 -
— _max min
Tmax 3 (27)

CEECKE OF ACCURACY OF CORRECTIONS

Because the strosses at the center of a polygonal
dural block of 16 sldes loaded 1n compression between par—
allel palirs of i1ts 16 sides are combined, such a specimen
was used to compare the strains measured by Tuckerman op—
tical straln gages and by SR—4 type R—1 wire strain ro—
settes. A photograph of the polygonal specimen 18 glven
as figure 2., This specimen had the further advantage thst
the principal strains could be inclined at angles of 22%°,
45°, 67%°, and 90° to the axis of any gage in the rosetts.
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The properties of the specimen were first surveyed
by mounting Tuckerman gages on the front ahd the rear of’
the block at the center of the block and parallel to the
line drawn between the midpoints of two opposite sides.
The specimen was loaded in a hydraulic testing machine
accurate to one—half of 1 percent, at angles of 0° 22%°
45%, 67%°, and 90° to the axis of the Tuckerman gages and
the stralins measured at each angle for load increments of
100,000 pounds. The gages were then rotated 45° and the
survey repeated; surveys were made at each 45° rotation
of the gages.

The properties of the specimen were found to be
sufficlently uniform. An average of the survey could
therofore be used to determine the stralns at any angle
at the centeor of the block for a load i1ncrement of 100,000
pounds. The maximum variation from the average propoerties
as indlcated by the Tuckerman gages was 0.91 percent, or
a strain of 0.000003 inch per 1inch.

The Tuckerman gagos were replacced by SR—4 rosettes
and the surveys ropeated. The results are given in table
1l for the average true strains, for the average olectrical
readings uncorrected, corrocted by the Baldwin Southwark

method, and corrocted by thoe methods of tho prosent report.

Lengley iiemorlal Aeronautical Laboratory,
Tational Advisory Committoc for Aoronautics,
Langley Fleld, Va.
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APPENDIX A

BALDWIN SOUTHWARK METHOD OF OOMPUTING STRAINS

FRON TYPB E-1 ROSETIE

The following slketch and method of computing strains
from &h SRE—4 type B~1 rosette was obtained from direc—
tlones accompaenylng.the gages, which were manufactured by
Baldwin Southwark Divisior of The Baldwin Locomotive Works.

The nuvmbers 1, 2, and & indicate the gage axes. The
true strains along the gage axes are deslgnated el, 62'

ex. The stralns indicated by instrument are designated
el" ez', and 93'. Then, according to Baldwin Southwark

e

@
]
ja
o
n
o
|
-
(]
+
[

1 ')
2 46" 1 3
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The symbols ej;!, ep', and ez' have here been used in—
stead of R;, B,, and B, given in the original directions,

to conform with the other symbols in the present report.

APPEND IX B

oG arr -

ANALYSIS OF STRAIN ISZDICATIONS GIVEN BY
MULTIPLE-STRAND WIRE GAGES
The true strain e at ean angle € to the direc~

tlon of principal etrain is given by the equatlon from
reierence 1

=

ey = E.l(ex + op) + (ex — ey) cos 291 (A—1)

- -

in vhick ex and ey are the principal sirains.

If the gage 1s attached ot an angle 6 to the prin—
cipal strein, the length of wire in the gage minus the
width of the wire grid 1s sudbjected to the strain eg and

the width of the gaze 1s subjected to the straln at the
anzle (©® + 20°). The strain indicated by the gage is
then expressed as follows:

AR

B—:— = c{-?:—'- [loxrey)+(exey)con 20] <£"‘L_"‘l->+ %-,[(ex*-ey)+(ex-ey)cos 2(9+90°)]®} (a-2)
in which
c constant

AR change in resistance of gage divided by gage resistance

ey and oy principal strains

L gand W previously defined -
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The straln indlcated by the gage as normally cali-
* ‘brated; that is, with the axis of.the gage parallel-to

the directlion of simple tension or compression 1ls there—
fore

——c{ [{og-iay)+{agtuog) ] (-“ )+ L [(e tog) - uxmxn( |

or

e[ e )] 0w

For a simple tenslle or compressive straln of unity
(ex = 1, ey = —n), the result Q of dividing the strain
indicated by the gage mounted at an angle 6 +to the
direction of ex, and so subjected to a strain ey, Db¥

the straln 1ndlcation that would be calculated at that
angle from substituting eg in equation (4—3) 1is

% =) )
= Re -u-)+(1+p.)cos 28] \I'..i"i + 1 [(1-u)+(1+u)cos 2(e+90°)} 'j;,'/

ARg ~ )

Ra: £ (L-w - B > [(1-p)+(1+u)cos 28]

or q = L(-p)+(1+udcoe 20] (1-¥) + [(1-p)+(1+p)cos 2(8+90°)] (W)
(L-W-p¥) [ (1-p)+(1+)cos 26]

or Q= 1 rl [ 2(1+L) cos 26

) 1-(1+n) %"— JL (1-p)+(1+1)cos 20 ] L f (a-t)

In order to show that Hill!'s semigraphical analysis
may be applied to the readings glven by mulitiple—strand
wire gages to give the true principal stralns, it is neces—
sary to show that the varlation 1n indicated stralin with
change of angle is a function of the form
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A + B cos 26

If equation (A—2) is rewritten

LRg
-Eé"—=(.e.+:tscoe:29)1'*""+(A—:Bcos29)-‘1'T (A-5)
O + ©
in which A= ="
and B = EE—:—EZ cos 2(8 + 90°) = —cos 28 .E_iuf%)‘
2
Then
A g _
d L — 2W
-ci=.a.+3£—-—1l—lcos 20 (4-6)

Equation (A—-6) is in the required form and Eill's
semigraphical mothod mey be usad 1if the propor correctlons
aroc apnlied to the adJustuent factor E and to the ordi-
nate of the auxiliasry horizontal line. The constant X
ls given 1a reference 2 by

X 0.707J,(el — 8)% + (o5 — 03)?

in which 81y O, and e; are the true strains measured

on zage lines intersecting at angles of 45°.

In order to calcclate the new adjustment factor K,,

it is necessary only to find the relation between the
principal strain as indicated by multiple—strend gages and
the true principal strains., The principal strairns indi-—
cated by the multiple—strand gage, wher the true strain—
sersitivity factor 1s used, are

! = °1'

€ .
2_ 4+ X! (A-7)

e.!
' 1l

ey! = - Xt (a—-8)

| + o +

ACCurt’
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with

K45n‘ :—-:- ol--'?ol..?l- (-61‘-‘ —'- 812‘ )a' + ,(82' - 63‘ )a i

in whieh el' . ez' , and ez' are the strains indioated by

the wire gages,

Equation (A-2) also gives ex' and ey! when
8 = 0° and @ = 90°, respectively, as follows:

ex! = -]é- [(extey) + (ex—ey)] K-I'—;—w>+% [(extey) — (ez—ey)]<%>
=) + () (a-0)

ep! = oy (I' ; H‘) + e;({-) (A~10)

Oombining equetions (A—7) and (A—9) and equations (A—8)
and (A—10) and solving for e, and ey gives

and

t 5 1

oy = 35~—;-3§— + X! (E j;zw> (a-11)
81! + eg!

ey =—l_;—_3——x‘ <L__£;{i> (A—la)

The expression for K, as given by Hill, may be written

X = 0,707 ~/(e=Jn --~e:4,5)EJ + (o4 — By)a (a—-13)

in which o045 18 the true strain at an angle oxr 45° to
principal strains. From equation (A-2)

e45=%(ex+ ey) (L;W) +-%'-(ex + eoy) %} (A-14)

Combining equations (A—11), (A—-12), and (A—-14) gives
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b [P n ) ¢ 24 o )| - ) o

91' + 33'
and. 845 = 3 : (A-16)

9%6-1

From the expressions for egx, e45, and ey, & ex—
pression for Ky may be vwritten

Ky

X, = O. 701//{312531L

0.707 ?/kex — 045)% + (45 — oy)% (a-13)

+

ey '+e3 €9 '+el el ! +9-§ T L
() - [ [ - e () e

and for the new ordinate Y

x ., %%
_ Ky iy :
Yy = —m— (A~19)
e.! + o,! e1! + ex!
-2 8 4+ Ep + L s~ I
Y, = 2
e;’ N ex!
- K Ke " (A-20)
Ty = F——F A
or \
‘L — 2w
=y (2= =2 -
Y, = ¥ k ) (A—21)



TABLE 1

COMPARISOX OF STRAIN HEASUREITNTS TAKEN WITH TUCKERMAN OPTICAL STRAIN

GAGES AND WITH SR-U4 TVPE R-1 ROSETT=S

[A11 strains given in microin. per in.]

True Flectrical strain indications | —__Electrical strains _
strain Uncorrected | Corrocted by nethod!Corrected as indi- Corrected by Hill's
Angle|(av. of (Gage factor = 2.09)! of eppendix A lvidusl gage readings|semigraphlical analysig
(deg) [Puckermen [ Reading I*Differemce| Roading Differonc?l Reading | Difference|Reading Differenc
roadings) Lrom true l from true from true from true
value value l value value
1
0 ~981 -979 2 -092 -11 =919 | 2 -978 3
i | -2 | -919 3 | 930 & | -98 { b | =919 3
22% | -151 =751 0 ~758 -1 ~T49 | 2 ~T49 2
33% | -496 -500 4 ~502 -6 -igy | 2 ol 2
45 ~194 ~203 -9 -198 -4 -193 | 1 -192 2
563 121 108 -13 119 -2 124 3 122 1
67 | 362 U5 17 362 0 362 | 0 362 0
783 | 534 515 -19 535 1 534 : 0 53k 0
90 |r, 593 572 21, | 5o R B 0 593 0

AT
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Figure l.- Variatlon 1n gage factor with angle between SR-4 type A1 gege
and directlion of stress.@y =2.09; L=5.01 inchesy W=0.16 inch,
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Figure 3.

‘Polygonal specimen for testing rosettes.
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